Isthmus Ablation. Introduction: The cavotricuspid isthmus can be ablated using an anatomic approach or an electrogram mapping approach in which sites at which there is a gap in the line of block are targeted. The aim of this study was to compare the anatomic and electrogram mapping approaches for creating a line of block in the cavotricuspid isthmus after an initial, unsuccessful anatomically directed ablation line.
Introduction
The goal of radiofrequency ablation of isthmus-dependent atrial utter is to create a line of complete block in the cavotricuspid isthmus. This can be achieved with an anatomic approach to delivery of radiofrequency energy in the cavotricuspid isthmus, guided by uoroscopy. 1 -8 An alternative approach is to target only the sites in the cavotricuspid isthmus where there is incomplete block, guided by characteristics of the local atrial electrograms. 7 ,9 These two approaches have not been compared. Therefore, the aim of this prospective, randomized study was to compare the anatomic and electrogram approaches for ablation of the cavotricuspid isthmus in patients in whom an initial, anatomically directed ablation line was unsuccessful in creating isthmus block.
Methods

Subject Characteristics
The subjects of this study were 63 consecutive patients who had isthmus-dependent atrial utter and in whom a single series of contiguous applications of radiofrequency energy in the cavotricuspid isthmus did not result in complete block. Nine patients who underwent catheter ablation during the same period of time as the subjects of this study and in whom a line of complete block was achieved after a single series of applications in the cavotricuspid isthmus were excluded. There were 47 men and 16 women (mean age 55 13 years). Mean duration of symptomatic atrial utter was 5.0 6.4 years. The atrial utter was chronic in 30 patients and paroxysmal in 33 patients. Structural heart disease was present in 13 patients (21%): coronary heart disease in 5, nonischemic cardiomyopathy in 4, hypertensive heart disease in 2, and valvular heart disease in 2. Echocardiography demonstrated mean left ventricular ejection fraction of 0.53 0.06 and mean left atrial diameter of 42 4.7 mm.
Electrophysiologic Procedure
The ablation procedures were performed at least ve half-lives after discontinuation of antiarrhythmic drug therapy, except in the case of amiodarone, which was discontinued 1 to 2 weeks before the procedure. The study protocol was approved by the Institutional Review Board. After informed consent was obtained, three catheters were inserted into a femoral vein. A 7-French 20-pole catheter (spacing between electrodes of each bipole: 2 mm; spacing between pairs of electrodes: 20-2-2-2-2-2-2-25-25-25 mm; Daig Corporation, Minnetonka, MN, USA) was positioned along the tricuspid annulus, straddling the cavotricuspid isthmus, with the distal bipole of the catheter near the ostium of the coronary sinus. A 7-French quadripolar catheter (EP Technologies, San Jose, CA, USA) was positioned within the proximal coronary sinus for pacing. A 7-French quadripolar catheter with a de ectable tip, 4-mm distal electrode, 2-5-2 mm interelectrode spacing, and a thermistor embedded in the distal electrode (EP Technologies) was used for mapping the isthmus and delivering radiofrequency energy.
Bipolar electrograms were recorded with the distal electrode serving as the cathode, ltered at settings of 30 to 500 Hz, and recorded digitally (EPMed Systems, Mount Arlington, NJ, USA).
Radiofrequency Ablation
Radiofrequency ablation was performed during atrial utter in 22 patients and during coronary sinus pacing at a cycle length of 600 msec in 41 patients who were in sinus rhythm. Radiofrequency energy was delivered at single sites in the cavotricuspid isthmus using a conventional ablation catheter. The power was automatically adjusted to maintain a target temperature of 60°C at the electrode-tissue interface. Each application of energy was 50 to 60 seconds in duration.
Study Protocol
The rst ablation line was created in the isthmus under uoroscopic guidance, at the 5-to 6-o'clock position relative to the tricuspid annulus on a 45°to 60°left anterior oblique view. In accordance with the selection criteria, none of the patients had complete isthmus block after the rst ablation line. The patients were randomly assigned to further ablation based on an anatomic approach (31 patients) or on an electrogram mapping approach (32 patients). There were no signi cant differences in the demographic or clinical characteristics of the patients in the two groups ( Table 1) .
The anatomic approach consisted of the delivery of discrete, contiguous applications of radiofrequency energy, starting at the tricuspid annulus and ending at the inferior vena cava, under uoroscopic guidance and along the original ablation line.
In the electrogram mapping approach group, discrete applications of radiofrequency energy were delivered at sites along the original ablation line where the atrial potential during coronary sinus pacing was single or narrowly split, with a double-potential interval #90 msec (Fig. 1) . 1 0 After randomization, up to 15 applications of radiofrequency energy were delivered using either the anatomic or the electrogram mapping approach. If complete block was not achieved, up to 15 additional applications of radiofrequency energy were delivered along the same ablation line using the alternate approach ( rst cross-over). If there still was not complete block in the cavotricuspid isthmus, up to 15 more applications of radiofrequency energy were delivered along the same ablation line using the original approach (second cross-over).
With both approaches, the endpoint of ablation was complete block in the cavotricuspid isthmus. The criteria for complete block were assessed during coronary sinus pacing and consisted of an appropriate atrial activation sequence recorded with the 20-pole catheter, negative polarity of the bipolar electrograms recorded just lateral to the ablation line, 1 1 and double potentials with a double-potential interval 110 msec or an isoelectric double-potential interval 90 msec along the entire ablation line (Fig. 2 ). 1 2 These criteria also had to be present during infusion of 1 to 4 mg/min of isoproterenol, titrated to maintain a sinus rate of 120/min.
If complete isthmus block was not achieved after the second cross-over, additional applications of energy were delivered along a new line in the cavotricuspid isthmus, with the technique being at the discretion of the operator.
Follow-Up
The procedures were performed on an outpatient basis. Antiarrhythmic drug therapy was reinstituted after the ablation procedure in 24 patients who were known to also have atrial brillation. The patients were seen in follow-up every 3 to 4 months. An event monitor was provided to patients who described symptoms suggestive of recurrent atrial utter.
Statistical Analysis
Continuous variables are expressed as mean 1 SD. The clinical characteristics of the patients in the anatomic and electrogram mapping groups were compared with Student's t-test or by Chi-square analysis. The success rates in achieving complete isthmus block with the two approaches were compared by Chi-square analysis or with the Fisher's exact test. The procedure time, duration of uoroscopy, and duration of radiofrequency energy needed to achieve isthmus block with the two approaches were compared using Student's t-test. P 0.05 were considered statistically significant. 
Results
Results After Randomization
After randomization, complete isthmus block was achieved with #15 applications of radiofrequency energy in 6 patients (19%) using the anatomic approach and in 19 patients (59%) using the electrogram mapping approach (P 0.005). The procedure time was signi cantly longer in patients in the electrogram mapping group than in the patients in the anatomic group (P 0.05, Table 2 ). However, the total duration of radiofrequency energy was signi cantly shorter in patients who underwent ablation with the electrogram mapping approach than with the anatomic approach (P 0.05, Table 2 ).
Results After First Cross-Over
After the rst cross-over, complete isthmus block was achieved using the electrogram mapping approach in 18 (72%) of the 25 patients in whom the anatomic approach had been ineffective. Complete isthmus block was achieved using the anatomic approach in 3 (23%) of the 13 patients in whom the electrogram mapping approach had been ineffective (P 0.005). Among the patients in whom complete block was achieved, the procedure time, uoroscopy time, and total duration of radiofrequency energy did not differ signicantly between the anatomic and electrogram mapping approaches (Table 3) .
Results After Second Cross-Over
After the second cross-over, complete block was achieved in 3 (42%) of 7 patients using the anatomic approach compared with 8 (80%) of 10 patients using the electrogram mapping approach (P 0.05). Among the patients in whom complete block was achieved, the procedure time was signi cantly shorter in patients in the electrogram mapping group than in the patients in the anatomic group (P 0.05, Table 4 ). However, there were no significant differences in uoroscopy time and total duration of radiofrequency energy between the two approaches (Table 4) .
Patients with Incomplete Block After Second Cross-Over
Including the rst and second cross-overs, complete block was achieved in a total of 57 (90%) of the 63 randomized patients. Complete isthmus block was not achieved after the second cross-over in four patients who had been randomly assigned to the anatomic approach and in two patients who had been randomly assigned to the electrogram mapping approach. Complete block was achieved in these patients with an additional ablation line at another site in the cavotricuspid isthmus.
Follow-Up
During a mean of 16.5 7.7 months of follow-up, 1 (2%) of 31 patients randomly assigned to the anatomic group had a recurrence of atrial utter compared with 2 (6%) of the 32 patients randomly assigned to the electrogram mapping approach (P 0.7).
Figure 2. Examples of the criteria for complete isthmus block. Shown are leads II and III, a recording obtained with the ablation catheter (Abl) positioned on the ablation line in the cavotricuspid isthmus, recordings from the 20-pole catheter, a coronary sinus electrogram (CS), and a stimulus channel (S). Electrodes 3-4 and 5-6 were positioned just lateral to the ablation line. The recordings were obtained during coronary sinus pacing. Before complete isthmus block, the atrial activation pattern recorded with the 20-pole catheter was consistent with conduction across the cavotricuspid isthmus, the initial electrogram polarity was positive at electrodes 3-4 and 5-6 of the 20-pole catheter (arrows), and the atrial potential recorded on the ablation line was single. After complete isthmus block, the activation sequence was consistent with conduction only in the counterclockwise direction around the tricuspid annulus, the initial electrogram polarity became negative at electrodes 3-4 and 5-6, and there was a double potential with an interval of 125 ms between the two components, at this site along the ablation line. Mapping demonstrated a widely split double potential separated by an interval 110 ms throughout the ablation line (not shown).
Discussion
Main Findings
The results of this study demonstrate that when there is persistent conduction across the cavotricuspid isthmus after an initial series of applications of radiofrequency energy, complete isthmus may be achieved more ef ciently with an electrogram approach than with an anatomic approach. Identi cation of sites along the original ablation line at which the atrial electrogram during atrial utter or coronary sinus pacing was single or narrowly split resulted in complete isthmus block with #15 additional conventional applications of radiofrequency energy three times more often than when a uoroscopically guided anatomic approach was used. When complete isthmus block was not achieved with the approach to which the patient had been randomly assigned, the greater ef ciency of the electrogram mapping approach also was apparent after cross-over.
Anatomy of the Cavotricuspid Isthmus
The anatomic characteristics of the cavotricuspid isthmus may at least partially explain why an electrogram mapping approach was found to be more ef cient than an anatomic approach in creating complete isthmus block in this study. First, there are variable amounts of brous tissue and muscular defects in the cavotricuspid isthmus, implying that a continuous ablation line across the cavotricuspid isthmus sometimes may not be necessary. 1 3 ,1 4 Consistent with these anatomic ndings, a prior study demonstrated that patients with typical atrial utter may have partial block in the cavotricuspid isthmus even before any attempts at ablation, and that unnecessary applications of radiofrequency energy were avoided by using an electrogram mapping approach. 1 5 Therefore, a purely anatomic approach that ignores the characteristics of the local electrograms may result in the delivery of radiofrequency energy to sites along the isthmus that are void of muscle and that do not need to be ablated.
A second anatomic feature of the cavotricuspid isthmus is the frequent presence of recesses or a pouch along its oor. 1 3 ,1 6 ,1 7 With the anatomic approach, in which the ablation catheter is withdrawn from the tricuspid valve to the inferior vena cava, it may be less likely that the distal electrode of the catheter will enter these recesses or pouches than with the electrogram mapping approach, in which the ablation line typically is mapped by both advancing and withdrawing the ablation catheter along the cavotricuspid isthmus. This provides another advantage of the electrogram mapping approach over the anatomic approach in achieving complete isthmus block with the fewest applications of energy.
Anatomic Approach
In this study, the anatomic approach consisted of discrete, contiguous applications of radiofrequency energy along the cavotricuspid isthmus, as described in prior studies. 1 ,2 ,8 Another technique used has been pullback of the ablation catheter along the cavotricuspid isthmus during continuous application of energy. 3 -7 Although the two techniques have not been directly compared, similar results have been reported with both [1] [2] [3] [4] [5] [6] [7] [8] ; therefore, it is unlikely that either technique has a major advantage over the other. In this study, discrete applications of energy were used to facilitate comparison of the anatomic and the electrogram mapping approach using a uniform endpoint of 15 applications with both techniques.
In prior studies, the ef cacy of an anatomic approach to ablation using a conventional ablation catheter has been quite variable, ranging from success rates as low as 54% to 67% 6, 18 to as high as 97% to 100%. 3 ,5 Several factors, both patient and operator dependent, may explain this wide range of success rates. Nevertheless, it is clear that a high success rate is potentially achievable with the anatomic approach. Therefore, the results of the present study should not be interpreted as demonstrating that the electrogram mapping approach results in complete isthmus block in a higher percentage of patients than the anatomic approach. Instead, the results demonstrate that the electrogram mapping approach is more ef cient than the anatomic approach, more often resulting in complete isthmus block with #15 applications of radiofrequency energy.
Electrogram Mapping Approach
Complete isthmus block has been demonstrated to be associated with a parallel corridor of double potentials along the entire ablation line. 1 0 ,1 2 When there are gaps in the ablation line, the local atrial electrogram is single, fractionated, or narrowly split. 1 0 , 1 2 This provides the basis for the electrogram mapping approach, in which radiofrequency energy is delivered only at sites at which widely split double potentials are not present. 7 ,9 ,1 0 ,1 2
Prior Studies
A prior study compared an anatomic approach for creating block in the cavotricuspid isthmus with an electrophysiologically guided approach. 3 However, in that study, ablation sites in the electrophysiologically guided group were selected based on concealed entrainment and the postpacing interval, not using the criterion of single or narrowly split atrial potentials that was used in the present study. Nevertheless, some of the results of the two studies are similar. For example, in both studies, the procedure time and duration of uoroscopy were approximately 50% shorter when the anatomic approach was used than when the electrophysiologically guided approach was used. This re ects the extra time needed to identify speci c target sites in the cavotricuspid isthmus when using an electrophysiologically guided approach. 
Study Limitations
A limitation of this study is that there were two crossover phases if the primary approach that was randomly chosen was unsuccessful in creating complete isthmus block with #15 applications of energy. Therefore, both the anatomic and electrogram mapping approaches were used in some patients, and it is possible that both of the approaches contributed to an eventually successful outcome, regardless of the particular approach that was being used at the time that isthmus block was achieved. For this reason, comparisons of the two approaches after cross-over may not be as valid as the comparison before cross-over.
Another limitation of this study is that the results apply only to radiofrequency ablation using a conventional catheter that has a 4-mm distal electrode. Use of an ablation catheter with an 8-to 10-mm distal electrode 18, 19 or an irrigated tip, 2 0 ,2 1 because of a larger lesion size, may have mitigated the differences between the anatomic and electrogram mapping approaches that were found in this study.
A third limitation of this study is that the anatomic approach was guided only by uoroscopy. It is possible that the anatomic approach would have been more effective under the guidance of intracardiac echocardiography 22 or electroanatomic mapping. 2 3 ,2 4 
Conclusion
In the majority of patients with isthmus-dependent atrial utter, ablation along the entire cavotricuspid isthmus is required. 1 5 In these patients, an anatomic approach guided by uoroscopy or by a more sophisticated catheter locator system is appropriate. However, using conventional radiofrequency catheter ablation, the rst series of energy applications in the cavotricuspid isthmus resulted in complete block in only 13% of patients in this study and in only 25% of patients in a prior study. 1 7 Therefore, after the rst ablation line, the operator often will have the option of either repeating the anatomic approach until complete block is achieved or using an electrogram mapping approach to speci cally target gaps in the ablation line. Although a high success rate eventually can be achieved with either approach, the results of this study demonstrate that complete isthmus block can be achieved with fewer applications of energy with the electrogram mapping approach.
